Velocity and Turbulence Measurements for Assessing the Stability of Riverbeds: a Comparison between UVP and ADVP by Duma, Diana et al.
Conference Paper, Published Version
Duma, Diana; Erpicum, Sébastien; Archambeau, Pierre; Pirotton, Michel;
Dewals, Benjamin
Velocity and Turbulence Measurements for Assessing the
Stability of Riverbeds: a Comparison between UVP and
ADVP
Zur Verfügung gestellt in Kooperation mit/Provided in Cooperation with:
Kuratorium für Forschung im Küsteningenieurwesen (KFKI)
Verfügbar unter/Available at: https://hdl.handle.net/20.500.11970/99473
Vorgeschlagene Zitierweise/Suggested citation:
Duma, Diana; Erpicum, Sébastien; Archambeau, Pierre; Pirotton, Michel; Dewals, Benjamin
(2014): Velocity and Turbulence Measurements for Assessing the Stability of Riverbeds: a
Comparison between UVP and ADVP. In: Lehfeldt, Rainer; Kopmann, Rebekka (Hg.): ICHE
2014. Proceedings of the 11th International Conference on Hydroscience & Engineering.
Karlsruhe: Bundesanstalt für Wasserbau. S. 539-544.
Standardnutzungsbedingungen/Terms of Use:
Die Dokumente in HENRY stehen unter der Creative Commons Lizenz CC BY 4.0, sofern keine abweichenden
Nutzungsbedingungen getroffen wurden. Damit ist sowohl die kommerzielle Nutzung als auch das Teilen, die
Weiterbearbeitung und Speicherung erlaubt. Das Verwenden und das Bearbeiten stehen unter der Bedingung der
Namensnennung. Im Einzelfall kann eine restriktivere Lizenz gelten; dann gelten abweichend von den obigen
Nutzungsbedingungen die in der dort genannten Lizenz gewährten Nutzungsrechte.
Documents in HENRY are made available under the Creative Commons License CC BY 4.0, if no other license is
applicable. Under CC BY 4.0 commercial use and sharing, remixing, transforming, and building upon the material
of the work is permitted. In some cases a different, more restrictive license may apply; if applicable the terms of
the restrictive license will be binding.
 
1 INTRODUCTION  
For evaluating the stability of stones under a fluid flow, the most widely used conceptual framework re-
lies on the stability threshold concept (Buffington and Montgomery 1997). It assumes that the inception 
of sediment motion occurs once the stability parameter, the ratio between the flow forces acting on the 
stones and the stabilizing forces, exceeds a threshold value. The Shields stability parameter (Shields 
1936), which is by far the most widely used, is based on the bed shear stress, which does not properly 
take into account the turbulence fluctuations in the flow, except in the case of a uniform flow, while tur-
bulent fluctuations are of primary importance in the mechanisms determining the stability of stones 
(Dwivedi et al. 2012, Hoffmans 2012). Particles often get moved as a result of bursting flow motions, i.e. 
the presence of turbulent fluctuations adjacent to the bed. This process is best captured by means of pa-
rameters characterizing explicitly the turbulence in the flow. Therefore, a new approach was introduced 
recently. It quantifies the flow forces by means of a new set of parameters which combine explicitly the 
velocity and turbulence distributions over a certain water depth above the riverbed (Hoan et al. 2011, 
Hofland 2005). Although very promising results were already obtained, there is a need for more experi-
mental verifications, supported by high quality turbulence measurements.  
In this paper, as an onset for using the newly developed bed stability parameters, we report new exper-
imental results involving profiles of velocity and turbulent kinetic energy, which are precisely the two in-
puts necessary to evaluate the new bed stability parameters. Experimental tests were performed and de-
tailed under both quasi-uniform and non-uniform flow conditions. Velocity measurements were 
conducted with two complementary devices: an ultrasonic velocimeter probe (UVP) and an acoustic 
Doppler velocimeter profiler (ADVP). The results are compared and discuss in detail. A  general con-
sistency between the two type of measurements is obtained, which makes them nonetheless highly com-
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Finally some effects of the vertical step used to perform the ADVP measurements can be noticed in the 
turbulent kinetic energy profiles, while they were not in the velocity profiles. This feature remained, de-
spite several repetitions of the tests. This is a known issue of this instrument as acknowledged in literature 
(Zedel and Hay 2011). 
4.3 Velocity Spectra 
To complement the comparison of the two measurement devices, a typical velocity spectra of the stream-
wise velocity component is represented in figure 5. The two spectra were derived from series recorded 
with UVP and ADVP at 0.1h above the flume bed (figure 5(a)) and 0.4h (figure 5(b)), respectively, in the 
same flow cross-section, for discharge of 18 l/s and a stone diameter of 8 mm. 
 
(a) (b)  
Figure 5. Velocity spectra in configuration 1with stones of 8 mm in diameter at: (a) 0.1h and (b) 0.4h above the bed. 
There is generally a good agreement between the slope and level of the spectra. They show a well defined 
inertial subrange at frequencies below about 20 Hz. For ADVP probe, there is a noise floor close to the 
Nyquist frequency of 50 Hz. The UVP probe fails to record structures with a frequency greater than 20 
Hz. The slight change in-between the two instruments could be due to the intrusive character of the UVP 
probe, especially near the bed where the velocity values are lower. This can explain the difference in-
between the turbulent kinetic energy profile (figure 4). In contrast at a level of 0.4h, figure 4 and figure 
5(b) show consistency in-between the two series of measurements. 
5 CONCLUSION 
Velocity profiles and turbulent kinetic energy profiles were measured in two configurations (quasi-
uniform and smooth-to-rough transition) for two grain sizes. In configuration 1, where the flume bed is 
entirely covered with stones, after 5m, in measurements window the flow is fully developed, the velocity 
profiles have a stable shape, so a spatial-average can be done. Two measurement devices were used: UVP 
and ADVP. The obtained results are consistent, so a final velocity profile can be constructed using data 
close to the bottom recorded with ADVP and close to the flow surface recorded with UVP, respectively. 
In contrast, turbulent kinetic energy profiles are not fully developed even in configuration 1, which means 
that a longer distance should be considered. The UVP probe provides only the streamwise velocity com-
ponent, which means that the computation of turbulent kinetic energy can not be done directly. Therefore, 
Nezu’s coefficients were used, although they were initially developed for smooth uniform flow condi-
tions. The results appear to be surprisingly good in this situation, even relatively close to the bed. Due to a 
good agreement of turbulent kinetic energy profiles from ADVP and UVP in the upper layer, both in-
struments are consider to be complementary in the capture of a full profile of turbulent kinetic energy. In 
contrast, discrepancies between UVP and ADVP are obtained close to the bottom, where ADVP meas-
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urements are claimed more reliable. We believe this is due to its capacity of recording turbulent structures 
with higher frequencies, but also due to more intrusive character of UVP measurement. 
These results will support the use of recently develop turbulence-based bed stability parameters to 
evaluate towards more advanced, truly process-based and predictive assessment, of riverbed stability.   
NOTATION 
d stone diameter 
u streamwise velocity component 
u’ velocity fluctuation in streamwise direction 
v’ velocity fluctuation in transversal (y) direction 
w’ velocity fluctuation in vertical (z) direction 
k turbulent kinetic energy 
x main axis of the flow 
y transversal axis of the flow 
z vertical axis of the flow 
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